Summary In a prospective controlled clinical trial, 108 patients with pancreatic adenocarcinoma were randomly allocated to receive tamoxifen 20 mg b.d., cyproterone acetate 100 mg t.d.s. or no active treatment. The median survival of those receiving tamoxifen was longer than either of the other two groups (5.25 compared to 4.25 and 3 months, respectively) but this difference did not achieve statistical significance. Cox regression analysis of 12 clinical and biochemical features showed that, for the entire group of patients, survival was significantly longer in younger patients, those undergoing surgical bypass and those with better initial performance status. However, even when adjustment was made to allow for the distribution of these prognostic variables within the three groups, the difference in survival still did not achieve statistical significance. No side-effects attributable to treatment was observed.
Carcinoma of the pancreas accounts for approximately 6,500 deaths per year in the United Kingdom, a figure exceeded only by cancers of the lung, colon, breast and stomach (HMSO 1986 (HMSO , 1988 . Because of the advanced state of the disease at presentation less than 15% of cases are amenable to curative surgical resection (Moossa & Levin, 1981) and the overall 5-year survival rate is currently less than 1 % (Aoki & Ogawa, 1978; Bender et al., 1982) . Cytotoxic chemotherapy has proved disappointing and while in the only controlled trial previously carried out survival was significantly prolonged, side-effects were severe and no patient survived longer than 2 years (Mallinson et al., 1980) . Following the detection of sex-hormone receptors in pancreatic carcinoma tissue (Greenway et al., 1981; Satake et al., 1982; Sica et al., 1984) , and evidence that manipulation of the hormonal environment could influence the growth rate of these tumours in experimental animal models (Greenway et al., 1982) there have been a number of reports suggesting that treatment with tamoxifen, an anti-oestrogen, may prolong survival (Theve et al., 1983; Tonnesen & Kemp-Jensen, 1986; Wong et al., 1987) . However, the number of patients reported has been small and in no series was there a contemporary untreated control group. We now report a prospective randomised trial comparing the efficacy of tamoxifen, cyproterone acetate (an anti-androgen), and no specific treatment in 108 patients with unresectable pancreatic adenocarcinoma.
Patients and trial design
On the basis of our previous experience the median survival of patients with pancreatic carcinoma, from the time of diagnosis, is in the order of 3 months. To detect a treatment which leads to a doubling of median survival, with 95% power, it was calculated that a minimum of 35 patients would be required in each group. Between 1984 and 1987, 108 patients were recruited from the eight participating centres (Table I (Karnofsky, 1961) (Table II) . Patients were reviewed regularly, but the efficacy of treatment was assessed solely by survival time, no attempt being made to assess changes in tumour size or symptoms.
Statistical methods
The distribution of the various patient characteristics between the three groups was compared and the effect of each on patient survival was assessed by the log rank test. Kaplan-Meier survival curves were then drawn up for both treatment groups and compared with the control group by the log rank test but without adjustment for the effect of those parameters (other than treatment) which were identified as significantly affecting survival.
Cox regression analysis (which permits simultaneous identification of multiple prognostic factors using all available data rather than simply allowing comparison between predefined groups of patients (Cox, 1972) ) was then applied. First, a stepwise method was employed, ignoring treatment given, to generate the independent significant prognostic patient characteristics. The survival curves of the two treated groups were then compared to that of the control group, after appropriate adjustment for the distribution of the significant prognostic variables between the groups. In the Cox regression analysis first operative procedure, an unordered patient characteristic on three levels, was represented by two dummy variables. The diagnosis was established histologically in 66 (61 %) patients. In 58 tissue was obtained at the time of laparotomy or autopsy and by various techniques in the remainder: percutaneous fine needle biopsy (three), supraclavicular lymph node biopsy (two) and liver biopsy of metastases (three). Twenty patients had the diagnosis made at laparotomy (without biopsy) and 22 were considered to have unequivocal clinical and radiological (ERCP of percutaneous cholangiography) features. There were no significant differences between the three groups in respect or any of the patient characteristics studied (P > 0.1 1 in all instances (Table I) ). Log rank tests showed that five characteristics had a significant favourable effect on survival: a Karnofsky score of greater than 50% (Figure 1) , absence of detectable metastases, surgical bypass procedure, an alkaline phosphatase level of less than 400 IU 1' and an albumin concentration of greater than 35 g I' (Table II) . The subsequent regression analysis (see below) showed that these factors were not independent.
On life table analysis patients receiving tamoxifen had a longer survival when compared to the control group (median survivals of 5.25 and 3.0 months respectively), but the difference did not achieve statistical significance (unadjusted P = 0.071 (Figure 3a) ). There were no apparent differences in survival among patients receiving cyproterone acetate (median survival 4.25 months) and no active treatment (unadjusted P = 0.5) (Figure 3b ). The stepwise search using Cox regression analysis on all subjects at the 5% level showed that age, Karnofsky score (Figure 1 ) and OP2 (the dummy variable representing the difference between surgical biliary bypass and the stenting or no invasive procedure) (Figure 2) , were significant and independent prognostic characteristics. After allowing for the influence of these the significance of the difference between the treatment groups and the control group fell to P = 0.09 for tamoxifen and Survival (months) Figure 2 Kaplan-Meier curves stratified by operative procedure.
to P = 0.7 for cyproterone acetate. It is also possible to derive from this analysis a figure for the 'hazard reduction' attributable to each of the significant prognostic variables, i.e. the extent to which they account for any difference in survival between the groups studied. The hazard reduction due to tamoxifen was 36% (95% confidence interval -7% to +62%) and due to cyproterone 10% (95% confidence interval -52% to + 47%). No side-effects attributable to treatment with tamoxifen or cyproterone acetate were reported and in no instance did administration of the drugs need to be altered or stopped because of toxicity.
Discussion
The median survival of patients with untreated pancreatic adenocarcinoma is between 3 and 4 months based on analysis of series involving several thousand patients (Carter et al., 1975) . Survival in our contemporary untreated group is in accord with these figures as are those of the historical control groups used in two other studies on tamoxifen treatment of pancreatic carcinoma. However, whereas in these two other studies the median survivals of the treated patients were 7 (Tonnesen & KempJensen, 1986 ) and 8.5 (Wong et al., 1987) months the comparable figure for our treated patients was 5.25 months and this difference from the contemporary control group failed to achieve statistical significance at the 5% level. Wong et al. (1987) reported that prolonged survival in patients receiving tamoxifen appeared to be confined to post-menopausal women. Although all the women in our study were over the age of45 and thus likely to be post-menopausal, we could detect no survival advantage related to sex.
Using standard log rank analysis several factors, including the presence of metastases, low Karnofsky performance score, high alkaline phosphatase, hypoalbuminaemia and procedure other than surgical bypass, all had an adverse effect on survival. The log rank test, however, does not make maximum use of continuous variables such as serum albumin -it is necessary to compare survival in discrete groups, for example, greater and less than 30 g 1'. Cox regression analysis (Cox, 1972) , on the other hand, permits all the available data to be used and the determination of those variables that are independent. Using this technique it was apparent that the only significant independent variables were age, initial procedure and Karnofsky score.
When the entire group of patients was considered, without taking anti-hormonal treatment into consideration, the survival of those patients who underwent biliary bypass survival was 5.4 months, a figure almost identical to that reported in other large series (Gudjonsson et al., 1978) and better than either drug treatment or stenting. This presumably reflects the poorer prognosis of patients with tumours of the body and tail (Carter & Commis, 1975) who do not require relief of obstructive jaundice, and the choice of a stenting procedure in poor risk patients considered unfit for surgical bypass. Poor initial performance status has been found to be an important adverse prognostic factor in several other malignant and chronic diseases.
In studies using xenografted human pancreatic carcinoma in nude mice (Greenway et al., 1982) , we found that although cyproterone acetate and tamoxifen both significantly reduced the rate of growth there was no actual shrinkage of the tumour mass. Assessment of changes in tumour size in patients with pancreatic carcinoma is notoriously difficult. Serial ultrasound or CT scanning are feasible but were not available in all the participating centres, and major problems with inter-observer variation would be expected with seven centres involved. Although in the present study cyproterone did not have a significant effect on survival, it has been shown that other pharmacological agents, such as luteinising hormone-releasing hormone (LH-RH) agonists, by leading to more profound lowering of androgen levels are effective in hormone sensitive tumours such as prostatic carcinoma. Indeed Redding and Schally (1984) , using chemically induced rat pancreatic tumours, reported that both LH-RH agonists and surgical castration significantly reduced tumour size. In view of these findings and the possible marginal benefit of tamoxifen, the use of more potent anti-androgenic agents such as the LH-RH agonists (Gonzales-Barcena et al., 1986) , perhaps in combination with tamoxifen, would appear to be worthy of study in a clinical trial similar to that reported here.
